The aim of the paper was the selection of the improved strains of Phaffia rhodozyma using chemical mutagenesis and the identification of individual carotenoids synthesized by isolated more pigmented mutants. Hyperpigmented mutants of P. rhodozyma NRRL Y-17268-1 and IMB Y-5021-15 were isolated from initial strains NRRL Y-17268 and IMB Y-5021 by nitrosoguanidine mutagenesis. Pigments were purified by TLC and identified using HPLC and liquid chromatography-mass spectrometry. It was shown that initial strains P. rhodozyma NRRL Y-17268 and IMB Y-5021 and obtained from them mutants NRRL Y-17268-1 and IMB Y-5021-15 produced torulene and torularhodin without illumination in shaking flasks at 20 °C. The content of torularhodin produced by the mutant strains Y-17268-1 (18.2 µg) and Y-5021-15 (16.5 µg) per 1.0 g of dry biomass was increased to 33.8 and 18.4%, respectively, in comparison with the content of this pigment in the initial parental strains. The obtained strains present interest for further selection of more active producers of carotenoids and examination of the action of reactive oxygen species as stimulators of carotenoid production in yeasts.
Natural carotenoid pegments play the important role in the life of the animals and humans as biostimulators, antioxydants, vitamin A substitutes, coloring and tumor inhibiting compounds. Red yeasts of the genus Phaffia are known to produce the different carotenoids presented by torulene, torularhodin and astaxanthin. The low carotenoid content in the biomass limited these yeasts in industrial exploitation. Carotenoid production by microorganisms can be increased using mutagenic treatment of the cells. Natural pigments carotenoids in most cases are presented by tetraterpenoids synthesized from eight isoprene pyrophosphate units [1] . Many red yeasts of the genera Rhodotorula, Rhodospiridium, Sporobo lomyces and Phaffia are known to produce different carotenoids in natural conditions [2Ō4] . Carotenoids play the important role in the life of animals and humans as biostimulators, antioxidants, vitamin A substitutes, coloring and tumor inhibiting pigments.
Representatives of the genera Rhodotorula and Phaffia synthesize different commercially important carotenoids (beta-carotene, torulene, toriularhodin and astaxanthin) and therefore belong to potential industrial microorganisms. Industrial exploitation of these yeasts is limited by the low carotenoid content in their biomass.
The aim of the paper was the selection of the improved strains of Phaffia rhodozyma using chemical mutagenesis and the identification of individual carotenoids synthesized by isolated more pigmented mutants. Carotenoid extraction and analysis. The yeast cells were harvested by centrifugation, washed in the water and the resulting sediment was dried at 80 °C until no change in weight was observed. The dry biomass was reduced to a powder using glass powder and a porcelain mortar with a pestle on the ice to prevent the degradation of the carotenoids which were then extracted twice with acetone. The obtained extract was cleared by centrifugation at 11,000 rpm, dried in a vacuum rotor evaporator and the pigments were dissolved in acetone. The carotenoids were separated by means of thin layer chromatography on Silica gel 60 F254 (Merck) with 25% acetone or 5% ethyl acetate in hexane. The absorption spectra of the acetone solutions of carotenoids were registered by a Beckman DU-8 spectrophotometer. The content of carotenoids was determined using the specific extinction coefficients E1%, 1 cm for torulene (3200 at 484 nm) and torularhodin (1932 at 495 nm) in hexane.
Materials and Methods

Strains
HPLC and LC/MS (liquid chromatographymass spectrometry) of the carotenoids purified by TLC were performed using a liquid chromatography system Agilent Technologies 1200 with a single quadrupole detector and the Multimode ions in APCI mode. The conditions of separation were the following: column Zorbax Hypersyl ODS 120 x 2.1 mm, 3 µm, with acetone/water + 0.1% formic acid (95:5) as a solvent at a flow rate 0.3 ml min -1 . Detection was performed at 540 nm, and the UV-VIS absorption spectra were recorded online with the photodiode-array detection system. The chromatograms have been analyzed with Chemstation software.
Results and Discussion
The frequency of origin of stable colonies with more intensive red-orange color after nitrosoguanidine treatment was found to be 0.07-0.08% among surviving colonies of both P. rhodozyma strains (Fig. 1) . Four and three more pigmented mutants were isolated among 4600 and 4200 tested colonies of the strains Y-17268 and Y-5021, respectively. Observation of these mutants during prolonged storage and repeated sowing approved their stability. The next stage of this work was identification of the main individual carotenoids in the extract of the dry cell biomass of the yeasts. TLC of the extracts showed the presence of two carotenoids produced by the strains Y-17268, Y-17268-1, Y-5021, and Y-5021-15 (Fig. 2) . Purified carotenoids were identified according to their absorption spectra. Torulene (λ max = 460, 485, 528 nm) and torularhodin (λ max = 485, 495, 524 nm) were identified in all strains of P. rhodozyma (Fig. 3) .
The results of preliminary carotenoid identification were confirmed by HPLC and LC/MS spectrometry (Fig. 4) . The following m/z values of the carotenoids were obtained by APCI NI: 534.4 for torulene and 564.4 for torularhodin. Index R t was equal to 1.480 and 2.206 for torulene and torularhodin, respectively. The obtained values λ max , m/z and R t of the identified carotenoids are in good agreement with walues reported in literature [6] .
Biosynthetic activity of the selected yeast strains was investigated by their growth in the shaking flasks on the appropriate media. Among 4 strains of P. rhodozyma the most active producers of carotenoids were the mutants Y-17268-1 and Y-5021-15 synthesizing in a dark environment 18.2 µg and 16.6 µg of torularhodin per 1.0 g of dry biomass, respectively (Table) . These data are statistically reliable (P < 0.001). The contents of torularhodin produced by the mutant strains Y-17268-1 and Y-5021-15 were increased to 33.8% and 18.2%, respectively, in comparison with the output of this pigment in the initial parental strains.
According to our results the strains P. rhodozuma NRRL Y-17268 and IMB Y-5021, and isolated from them mutants Y-17268-1 and Y-5021-15 produce torulene and torularhodin like the red yeasts Rhodotorula. Accurate identification of carotenoids produced by the strain Y-17268 was not found in the published papers [7] [8] [9] [10] [11] . Torulene (30%) and torularhodin (60-65%) were produced by 10 different P. rhodozyma strains of BKM collection, as well as by the strain NRRL Y-17268 (BKM Y-2059), during growth at 30 °C, whereas they synthesized astaxanthin at 20 °C [12] . Despite of our attempts the growth of above mentioned strains at 18-20 °C did not leaded to production of astaxanthin instead of torulene and torularhodin.
In comparison with representatives of Rhodotorula, the mutant strain Y-17268-1 produces similar quantities of torulene and torularhodin, 575.2 µg/L and 684.3 µg/L, respectively without illumination [13] [14] [15] . This strain presents an interest for further selection of better producers of carotenoids and study of possible stimulating influence of reactive oxygen species (H 2 O 2 , O 2 -, OH) on carotenoids production in yeasts [16] . [17] ; B -lycopene and beta-carotene (control) [17] ; C -beta-carotene (control) [17] ; D -torulene (top spot): 25% acetone in hexane; torularhodin (bottom spot): 5% ethylacetate in hexane Fig. 3 . Absorption spectra of carotenoids in acetone: a -torulene; b -torularhodin
Fig. 4. HPLC (top) and LC/MS (bottom) of carotenoids:
A -torulathodin; B -torulene; C -β-carotene Ключевые слова: Phaffia rhodozyma, мутаге-нез, торулин, торулародин.
